We have used the technique of in situ nucleic acid hybridization and autoradiography of thin frozen sections of human tissue to search for virus RNA sequences in human cervical tumours. Of cervical biopsies with abnormal cytology, 67 % bound herpes simplex virus type 2 (HSV2) 3H-labelled DNA probes and 39 % bound adenovirus type 2 (Ad2) 3H-labelled DNA probes, whereas control experiments with phage lambda 3H-labelled DNA probes, under the same conditions, bound to only 7 % of cases. In contrast, normal cervical biopsies bound the three probes in only 23 %, 17 % and 8 % of cases respectively.
INTRODUCTION
The detection of herpes simplex virus type 2 (HSV2) related RNA and antigens has recently become possible using frozen sections of human cervical tissues showing dysplastic and neoplastic changes McDougall et al., 1980; Dreesman et al., 1980) . A role for HSV2 in carcinoma of the human uterine cervix was originally suggested by sero-epidemiological studies (Adam et al., 1974; Skinner et al., 1977) , while several investigators also demonstrated HSV2-specific immunofluorescence using exfoliated cells from patients with invasive and pre-invasive cervical lesions (Aurelian et al., 1972; Nahmias et al., 1975) . There was also one reported case (Aurelian, 1973) of the isolation of infectious HSV2 from in situ carcinoma of the cervix, but extensive research aimed at the detection of viral DNA by cytological and molecular DNA hybridizations (zur Hausen & SchulteHolthausen, 1975) has resulted in only a single positive tumour (Frenkel et al., 1972) .
Here we describe the application of in situ hybridization, as described by Godard & Jones (1979) , to the detection of virus-related RNA sequences in human cervical tissues. In contrast to earlier results McDougall et al., 1980) , we report that a proportion of abnormal cervical tissue biopsies bound adenovirus type 2 (Ad2) 3H-labelled DNA in addition to HSV2 3H-labelled DNA while certain specific tissue types bound any 3H-labelled nick-translated DNA reproducibly under annealing conditions.
METHODS

Cells and viruses.
Ad2 was grown in HEp2 cell monolayers or KB suspension cultures and the virions purified from infected cells by caesium chloride density-gradient ultracentrifugation (Lonberg-Holm & Philipson, 1969) . HSV2 was grown in monolayers of Vero or Radioactive labelling of nucleic acid hybridization probes. Virus DNAs in 0.01 Mtris-HCl pH 7-4, were nick-translated (Kelly et al., 1970) to high specific activity (approx. 107ct/min/pg) for use in in situ hybridization using 3H-labelled deoxyribonucleoside triphosphates (dNTP; The Radiochemical Centre, Amersham). The labelled DNA was concentrated by ethanol precipitation or lyophilization after separation of unincorporated 3H-labelled dNTP's by Sephadex G75 (Pharmacia) chromatography in 0.1 x SSC (1 x SSC is 0.15 M-sodium chloride, 0.015 M-sodium citrate pH 7.2).
Assays of viral probe purity. The S 1 endonuclease (Sutton, 1971 ) sensitivity of nick-translated viral DNA before and after denaturation (by boiling for 15 min in 0.1 x SSC followed by rapid cooling) was assayed as follows: 5 x 104 ct/min of 3H-labelled DNA were incubated at 43°C in 100/A S 1 buffer (0.3M-sodium chloride, 2mM-zinc sulphate, 0.3 M-sodium acetate pH 4.5) containing 60/~g/ml denatured Micrococcus lysodeikticus DNA and 2 units of S 1 nuclease (Sigma). Samples were removed into ice-cold 5% trichloroacetic acid (TCA) at various time points up to 60 min and the TCA-insoluble radioactivity assayed by collecting the precipitates on glass fibre (Whatman GF-C) filters and scintillation counting. Only denatured DNA, which was more than 90% TCA-soluble after digestion for 1 h with S~ nuclease, was used as a probe for in situ hybridization.
Filter hybridization to characterize the DNA probes with respect to host cell DNA contamination was performed according to the method of Gillespie & Spiegelman (1965) except that the nitrocellulose filters were soaked in 10 x Denhardt's solution (Denhardt, 1966) for 3 h at 45 °C before hybridization. Each sample of 3H-labelled viral DNA was denatured and added to separate plastic vials containing 2 x SSC + formamide (concn. was that used for in situ hybridizations) and up to eight small nitrocellulose filters (HAWP, Millipore) to which denatured DNA had been bound (amounts as shown in Table 1 ). Samples of 2 x 104 ct/min DNA were added to each filter; hybridization was for 16 h at 45 °C. The filters were washed thoroughly in 2 x SSC after hybridization, dried and counted in toluene-based scintillation fluid.
Cytological hybridizations
DNA probe preparation. Nick-translated 3H-labelled viral DNA probes in 0.1 x SSC pH 7.2 were denatured by boiling for 10 min followed by rapid cooling on ice. Aliquots of probe, of sufficient volume to allow 2 × 104 [3H] ct/min/hybridization reaction, and sterile 20 x SSC, redistilled formamide and double-distilled water were added to bring the final probe solutions to 4 x 10 a [3HI ct/min//ll in 2 × SSC + 45% formamide (HSV2), 2 × SSC + 38% formamide (Ad2), 2 x SSC + 36% formamide (lambda). Fresh probes were prepared for each series of hybridizations and all solutions and glassware were kept nuclease-free.
Tissue preparation. Immediately after surgical removal cervical biopsies were frozen in liquid nitrogen and stored at temperatures below -20 o C. Prompt freezing of specimens in liquid nitrogen and subsequent storage at between -20 °C and -70 °C were essential for the preservation of cellular RNA, since repeated freezing and thawing removed hybridizable RNA from tissue biopsies (N. J. Maitland et al., unpublished results) . To circumvent dehydration of the tissue biopsies, 5-~tm sections were cut as soon as possible after receipt and mounted on acid-washed, heat-sterilized glass microscope slides, two groups of 3 to 4 serial sections at either end of each slide. The microscope slides were then stored in 70% ethanol at 4 °C and used for hybridization within 2 weeks. Slide preparations were fixed before in situ hybridization using a modification of the technique described by Godard & Jones (1979) . Racks of slides were immersed (at 4 °C) in the following fixative solutions: 20 min in 3:1 methanol:acetic acid, rinsed in 70% ethanol, rinsed in 1:1 absolute ethanol: 0.2 M-sodium cacodylate pH 7.2, 20 rain in 0.1% glutaraldehyde (electron microscopy grade from EMscope, London, U.K.) in 0-1 N-sodium cacodylate pH 7.2 and a final dehydration through an alcohol series from 50% (in 0.1 M-cacodylate), 70%, 90% and then absolute before drying in vaeuo. These optimum fixation conditions were established by experiments (Godard & Jones, 1979) in which tissue culture cells were pulsed with [3H]uridine, mock-annealed after fixation by several different techniques and examined for retained RNA by autoradiography.
Hybridization and washing procedures. The hybridization conditions, 2 x SSC + formamide at 45 °C, were selected for optimum hybridization as described by Godard & Jones (1979) . The low salt and temperature conditions chosen for hybridization were also comparatively the best with respect to the preservation of cellular morphology.
Approx. 5/~l probe solution (i.e. 2 x 104 ct/min) was spotted on to each group of tissue sections which were then covered with an acid-washed, siliconized and heat-treated 22 x 22 mm glass coverslip. All air bubbles were excluded from under the coverslip and the assembly was sealed with a 1 : 1 mixture of Cowgum (Li-Lo Ltd., Woking, Surrey) and diethyl ether. When the gum dried the slides were incubated for 16 h at the hybridization temperature (45 °C) on a steel tray in a humidified water bath.
Conditions for heparin treatment were as follows: either I0 ~tg/ml heparin was included in the hybridization buffer or a pretreatment of up to 30 min in 10/~g/ml heparin in 2 x SSC at 4 °C was given. Both methods significantly reduced non-hybridization binding to background levels using frozen sections of mouse testes and 3H-labelled lambda phage DNA probes.
After hybridization the slides were cooled rapidly on ice, the Cowgum sealant was removed and the slides soaked in a bath of 2 x SSC at 4 °C until the coverslips floated off. The slides were then transferred to a second bath of 2 x SSC, dipped in a bath of S~ nuclease buffer (see above), dehydrated through an alcohol series and dried in vaeuo. A 5 ~tl amount of S 1 nuclease solution (1 unit/ml) was added to each hybridized group of sections and mounted under coverslips as described above. The slides were incubated for 1 h at 43 °C in a humidified incubator, the coverslips were removed as before and the slides transferred to a bath of 2 x SSC at 55 °C for 1 h. Finally the slides were washed overnight in an excess of 2 x SSC at 4 °C and dehydrated through an alcohol series.
Autoradiography and staining. The air-dried slides for autoradiography were dipped in a 1:1 mixture of Iiford K2 photographic emulsion and double-distilled water at 45 °C. The emulsion-coated slides were dried for 2 h at room temperature and stored in a light-tight box at 4 °C for 6 to 8 weeks.
After the appropriate exposure time the autoradiographs were developed as follows (all at 4 °C): 15 rain in Kodak DI9-B developer, rinsed in distilled water and placed for 3 to 5 min in Ilford Hypam fixative (diluted 1:4). The slides were washed in several changes of distilled water, stained with haematoxylin and eosin, dried in air and inspected under a Zeiss photomicroscope using a x40 Zeiss Planapo oil immersion objective. Photographs were taken using Kodak High Speed Ektachrome Tungsten film.
DNA :RNA hybridizations on nitrocellulose membrane filters. Human RNA, extracted from normal placenta by the method of Craig et al. (1975) , was radiolabelled with [12~I] (IMS300, The Radiochemical Centre, Amersham) to high specific activity by the Commerford (1971) procedure. HSV DNA, prepared as described above, was cleaved with various restriction endonucleases (Bethesda Research Laboratories, Md., U.S.A.) and the DNA fragments separated by 0.5% agarose gel electrophoresis at 40 V for 10 h in a buffer containing I5 mM-tris, 18 mM-NaHzPO 4, 0-5 mM-EDTA pH 7-8 and 50/~g/ml ethidium bromide. The fragments were visualized by u.v. illumination and transferred from the agarose on to nitrocellulose (Millipore) by the Southern (1975) technique.
The baked nitrocellulose filters were pre-incubated in 6 × SSC × 0.02% each of Ficoll, bovine serum albumin (BSA) and polyvinyl pyrrolidone (PVP) for 6 h at 68 °C before hybridization at the same temperature with approx. 7 × 107 ct/min of 125I-labelled placental total RNA in 6 × SSC, 25% formamide, 2 mM-EDTA, 0.5% SDS and 0.02% of each of Ficoll, BSA and PVP for 15 to 16 h.
Hybridized filters were cooled, rinsed in 2 × SSC and washed thoroughly as follows: 2 x SSC for 30 min, 1 h in 2 × SSC + 40/lg/ml RNase at 37 °C, 2 x SSC for 30 min, 1 h in 2 x SSC + 400 #g/ml Pronase at 37 °C, 2 × SSC + 0.5% SDS for 6h at 68 °C and 15 to 16 h in several changes of 2 × SSC. The filters were finally dried and autoradiographed for at least 14 days at --70 °C using presensitized Kodak Royal X-omat X-ray film and intensifier screens as described by Jones et al. (1979) .
RESULTS
Virus DNA probe purity
The conclusions that may be drawn from in situ hybridization analysis of tissue sections for viral RNA depends critically upon the freedom from contamination of the virus DNA probe used. Many of the potential problems associated with this aspect can now be bypassed using cloned virus DNA fragments, but these were unavailable at the time this study was performed. Accordingly, we made strenuous efforts to ensure as far as was practicable that the virions to be used for extraction of viral DNA were carefully freed from external nucleic acid contaminants by repeated nt~clease treatments and CsC1 gradient recycling before being disrupted to release the virion DNA. This DNA was then labelled by nick-translation procedure and checked by Southern blotting of restriction fragments followed by homologous DNA-DNA hybridization to confirm that the virus DNA probe was uniformly labelled. We also carried out an extensive series of experiments using filter hybridization, under conditions approximating those used for in situ hybridization, to determine the presence of sequences in the probes having homology to normal human DNA and controlled these by reconstruction experiments in which contaminant human DNA was added to samples of the probes to known levels. Representative data from such preliminary experiments are shown in Table 1 . Table 1 shows that the ct/min of the HSV DNA probe bound to human DNA, above a background taken as the amount of HSV DNA bound to bacterial DNA, was on average about 12 ct/min. On the other hand, a HSV DNA probe experimentally contaminated at the 5 % level with a heavy human satellite DNA (a likely contaminant), hybridized at about 9500 ct/min above this background. The higher HSV2:HSV2 hybridization is probably due to the higher specific activity of the DNA obtained when the 'impure' DNA was nick-translated. From this we can estimate that our HSV DNA is pure to the level of 0.01%, i.e. essentially free of significant contamination under the conditions of these experiments. This conclusion is supported by the fact that the HSV2 probe showed no significant hybridization with normal uninfected human cell cultures by in situ hybridization or with the majority of histologically normal cells in the biopsies studied. On the other hand, there was significantly more hybridization between our Ad2 probe and human DNA on filters, as can be seen from This level of homology between our Ad2 DNA and human DNA could not be reduced by repeated DNasing of the virions before preparing viral DNA or by repeated CsC1 gradient purification of the viral capsids. We suggest that the homology is to some sequences carried within the capsid, and is possibly of the sort described previously (Jones & Shenk, 1978; Jones et al., 1979) . Nevertheless, in situ hybridization of this Ad2 probe yielded no significant binding to the majority of cells in the experiments described below, indicating that the homologous sequences are probably not expressed as RNA at levels within the sensitivity of our present in situ hybridization technique. A further assessment of probe purity was achieved by hybridization of 12SI-labelled human placental RNA to restriction endonuclease fragments of HSV DNA as described in Methods. The results of one such experiment are shown in Fig. 1 , and after 14 to 19 days autoradiographic exposure, distinct hybridization to mainly HSV DNA terminal fragments was observed. The use of several restriction endonucleases allowed the mapping of these regions, as described for Ad2 DNA in Jones et al. (1979) , but the complex nature and large size of the HSV DNA fragments and some of the partial digestion products (particularly in HSV1 + BgllI and EcoRI) limited the accuracy of such mapping. However, map units 0 to 5, 75 to 85, 95 to 100 all showed positive hybridization with placental RNA in all the digests which we hybridized under conditions of high stringency (see Methods). This result was reproducible using HSV DNA purified through two cycles of sodium iodide density-gradient ultracentrifugation and presumably reflects true sequence complementarity and not a contamination of the HSV DNA. Finer mapping studies, using HSV DNA cloned in bacteriophage lambda vectors are now in progress and should also resolve any doubts about viral DNA purity. Probes were experimentally tested by in situ hybridization using tissue culture cells and, as expected, virus-infected cells hybridized to 3H-labelled viral DNA probes strongly, while uninfected cells did not. Lambda phage all-labelled DNA did not anneal to uninfected or infected tissue culture cells. * Unlabelled HSV2 DNA was mixed with 5 % (w/w) contamination of human G + C-rich satellite DNA and the mixture labelled by nick-translation as described in Methods.
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In situ hybridization to human tissue sections Surgical biopsies were taken from patients referred to a colposcopy clinic. Cervical cytology ranged from normal through the various stages of dysplasia to carcinoma in situ. Tissue samples were also obtained from the radiotherapy department and these showed gross pathological changes associated with invasive carcinoma of the cervix. The tissue biopsies were coded (Table 2 ) and the pathological details were not ascertained until the hybridization results were known.
Since large numbers of sections were examined, strict scoring criteria were decided at the outset to ensure objectivity. Each biopsy was sampled by sectioning and in situ hybridization on more than one occasion where the sample size permitted. A biopsy was only considered to be positive for the presence of viral related RNA when more than half of such repeated samplings yielded a positive result. Within each separate sample, sections were scored as positive when greater than 30 autoradiographic grains per cell were present on the same areas of consecutive sections on duplicate slides. The results of such analyses are shown in Tables 2  and 3 . These findings are probably underestimates of the presence of virus-related RNA, in view of the rigour of the applied criteria. As seen in Table 2 , 63 % of all biopsies were considered to show positive hybridization with HSV2 DNA, 33 % positive with Ad2 and 7 % with lambda phage DNA. No cases were scored as positive for Ad2 that were not also positive for HSV2 and cases scored positive for lambda phage were always strongly positive for both HSV2 and Ad2 (with one exception AW001). When the results were examined on the basis of pathology, it appeared that there was no difference between normal and abnormal cervix in the proportion scored positive after lambda phage DNA hybridization (8 % and 7 % respectively) whereas there was a marked increase for cases scored positive with both HSV2 and Ad2 when comparing normal with abnormal biopsies. If we assume that 8% of positive-scoring biopsies are due to artefactual binding of the probe, on the basis of the lambda phage results, then 70% of all cases presented as carcinomas were positive for HSV2 and 42 % were also positive for Ad2. Considering all cases of abnormal cytology, including dysplasias and carcinomas, 67 % were positive for HSV2 and 39 % for Ad2.
The fact that all cases of positive lambda hybridization were strongly positive for both human virus sequences, suggests that the positive lambda results are not just random artefacts, but are due to an increased tendency of certain samples to bind exogenous DNA non-specifically. In this study, we have found other evidence which also suggests this.
Typical results of in situ hybridization to cervical tissue are illustrated for HSV2 3H-labelled DNA and Ad2 3H-labelled DNA probes in Fig. 2 and 3 respectively. The autoradiographic grains were principally cytoplasmic, as previously found for viral mRNA detection in a variety of experimental systems (Copple & McDougall, 1976; Godard & Jones, 1979; Moar & Jones, 1975) . It is also evident from Fig. 2 and 3 that the labelling due to HSV2 hybridization was more intense than that due to Ad2 hybridization, under optimal conditions and using identical amounts of radioactive DNA of the same specific activity. The mostly negative results with Ad2 probes in a previous study may have been due to the different conditions of hybridization as well as the shorter autoradiographic exposure times used in those experiments.
In Fig. 2 and 3 the positive cells are both epithelial and stromal. In many cases the higher grain counts were observed over the stromal cells in close proximity to the abnormal cervical epithelium. Background grains on non-hybridized tissue and on hybridized sections containing large amounts of connective tissue were generally sparse, although occasional accumulations of grains at the edge of the tissue sections were observed.
Pathological analysis of the haematoxylin and eosin-stained slides was performed both before and after in situ hybridization in an attempt to correlate cervical pathology with the extent of autoradiographic labelling. No relationship was seen between the numbers of labelled cells and the extent or degree (i.e. carcinoma or dysplasia) of cervical abnormality. Similarly, attempts to correlate the degree of nuclear aberration in the epithelial cells and the autoradiographic grain density over the epithelium were unsuccessful.
Artefactual binding of3H-labelled DNA to cytological preparations
Despite consistently negative results with in situ hybridization to tissue culture cells of human, murine, hamster and avian origin using HSV2, Ad2 and lambda 3H-labelled DNA probes under the conditions described above, similar studies using frozen sections or smears of certain tissues gave positive results which we suppose is due to the probe binding by a non-base pair-specific mechanism. Thus, Fig. 4 shows binding of lambda phage DNA to specific cell types, sperm cells (both human and mouse), primary spermatocytes in thin sections of mouse testes and a single site on the human red blood cell membrane. We have also detected similar binding to ovarian carcinoma and particular lymphocyte cells. This binding was found with all of the DNA probes used and with other heterologous DNA probes not used in this study. Some preliminary results suggest that it may be substantially reduced by treatment of tissues with heparin before and during annealing, although optimum conditions of pretreatment have not yet been determined.
DISCUSSION
In situ hybridization is a potentially powerful means with which to investigate the relationship of pathogenic viruses to the processes of oncogenesis since it permits a precise analysis of the nucleic acid homologies within individual cells in a complex tissue. Since tumours may consist of both normal and neoplastic cells, with the latter in the small minority, such an approach can obviously make the difference between identifying or failing to identify particular nucleotide sequences within the tumour as a whole. Moreover, using in situ hybridization to identify and detect RNA transcripts as opposed to viral oncogenes, affords a valuable increase in the sensitivity of such detection. Over the past few years we have "applied this approach to the investigation of two human DNA viruses in connection with cervical carcinoma, a disease in which HSV2 is implicated from epidemiological studies. In most surveys involving human patients there is some difficulty in controlling certain aspects of the study. In this case, there was some variation in the size of biopsies, making it difficult to obtain more than a few sections in some instances. Moreover, small biopsies imply that there * Results: +, positive-scoring biopsies; --, negative-scoring biopsies; +, biopsy scores variable. "[" Abbreviations used were: Carcinoma = metastatic carcinoma; Mod. = moderate; dys. = dysplasia; Met. sq. epith. = metastatic squamous epithelium; C. in situ = carcinoma in situ.
:[: Cases scored positive for lambda phage were always strongly positive for both HSV2 and Ad2 with this one exception. may be sampling errors, so that in some cases the samples received may be unrepresentative of the diseased tissue as a whole. In addition to this, there is sometimes a problem in obtaining samples under precisely the same conditions. However, this latter source of variability was Virus RNA sequences in human cervical tumours 135 kept to an absolute minimum by using a strict biopsy procedure. Despite these problems the results of the present survey are clear enough in that they show a significant increase in the binding of exogenous denatured DNA 3H-labelled nick-translated probes derived from infectious HSV2 and Ad2 but not when derived from phage lambda, under in situ annealing conditions. However, normal cervix biopsies occasionally bind all three probes and certain non-cervical cells show this effect in 100% of cases, which suggests that, in such instances, binding by a non-base-pairing mechanism is involved. Our data can be interpreted in terms of base-specific DNA :RNA hybridization since the conditions used have been shown to permit the detection of viral RNA in virus-infected and transformed tissue culture cells (Moar & Jones, 1975; Godard & Jones, 1979) . In this case we have shown a significant rise in the levels of RNA sequences related to both human viral DNAs in cervical carcinoma. HSV2 DNA, which showed less homology with human DNA on filters when compared with Ad2 DNA under similar hybridization conditions (Table 1) , showed the greatest increase in hybridization to tissue sections from individuals showing cervical abnormalities. This agrees with previous sero-epidemiological evidence in favour of the association of this virus with cervical cancer and is in confirmation of our previous findings as well as those of other laboratories. However, the higher Ad2 hybridization compared with controls in the pathological group was unexpected since there has not previously been any suggestion that adenoviruses are involved in cervical pathology. A feature of this observation is that the same areas of the dysplasia and carcinoma bind DNA of both viruses where both are detected in the same sample, and in no instances were any areas seen where sections were positive with Ad2 DNA probe and negative with HSV2. The possibility exists that the binding of Ad2 DNA probe is a result of homology between HSV2 and Ad2 DNA. Experiments in which 32P-labelled Ad2 was hybridized to Southern transfers of restricted HSV DNA under high stringency conditions have shown some degree of homology between tile two viral DNAs (N. J. Maitland et aL, unpublished results). Experiments to map this homology in more detail are in progress but DNA sequencing data will unequivocally determine the extent and fidelity of the homology. It is probable that the Ad2 binding is a secondary phenomenon to the involvement of HSV2-related RNA, since one would expect the same proportion of biopsies to hybridize to both Ad2 and HSV2 if a common sequence were responsible for the probe binding.
Previous studies did show that certain cells in normal human tissues contain RNA which will hybridize with certain regions of the Ad2 genome. This homology is detectable by both molecular and in situ hybridization, for example in normal human placenta. The nature and origin of this RNA is still unknown, but it is possible that it may be amplified under conditions of rapid cell proliferation as in the placenta or human tumours. The extent to which the human placenta may be considered a normal tissue is also rather limited, since it possesses many features in common with human tumours, in particular accelerated cell division and loss of growth control. In addition, high serum levels of placental isozymes have regularly been detected in patients with various neoplasms (Wada et al., 1979) . Presumably this increase in synthesis is accompanied by an elevation in the levels of mRNA and we cannot exclude the possibility that we have detected these RNA species by in situ hybridization.
Equally, we have not eliminated the possibility that RNA related to HSV2, which we may be detecting, originated from prior or ongoing infection with HSV2. In this respect, one unexpected feature of our present findings is that the in situ hybridization involved both the abnormal dysplastic cells and the neighbouring stromal cells, which were histologically normal. This favours a derepression of the transcription of pre-existing sequences over the acquisition of new viral sequences in the tumour tissue, as dictated by classical viral transformation theory. The results shown in Fig. 1 indicate that there is limited homology N. J. MAITLAND AND OTHERS between the HSV genome and RNA from human placenta. The approx, map locations of these regions of homology 0 to 5, 75 to 85 and 95 to 100 (taking the entire HSV genome as 100 %) are coincidental with some of the immediate early RNA coding coordinates (Clements et al., 1977) and may therefore reflect a requirement for HSV to reproduce cellular sequences to initiate the replicative cycle, since cellular enzymes must be utilized at this stage. Non-hybridization binding (NHB), as demonstrated in Fig. 4 , also presents problems in the interpretation of our data since it appears to be characteristic of specific cell types. NHB does not discriminate between different probe DNA sequences and, as we have found during the course of this work, it can be substantially reduced by pretreating the tissue sections with heparin.
In conclusion, our data show that dysplastic and cancerous cervical biopsy sections exhibit a heightened propensity to bind to both HSV2 and Ad2 DNA, compared with normal tissues. However, we also found that certain tissues, including the cervix, showed a predilection for DNA of a particular overall base composition. We believe, therefore, that in situ hybridization remains a useful tool in studies of this nature, but, without adequate controls when used to probe complex tissues, the results may be subject to misinterpretation.
